CONTEXT: Diagnosis and treatment of depression has increased over the past decade in the United States. Whether self-reported depressive symptoms among older adults have concomitantly declined is unknown. OBJECTIVE: To examine trends in depressive symptoms among older adults in the US between 1998 and 2008. DESIGN: Serial cross-sectional analysis of six biennial assessments. SETTING: Health and Retirement Study (HRS), a nationally-representative survey. PATIENTS OR OTHER PARTICIPANTS Adults aged 55 and older (N=16,184 in 1998). MAIN OUTCOME MEASURE: The eight-item Center for Epidemiologic Studies Depression scale (CES-D8) assessed three levels of depressive symptoms (none=0, elevated=4+, severe=6+), adjusting for demographic and clinical characteristics. RESULTS: Having no depressive symptoms increased over the 10-year period from 40.9 % to 47.4 % (prevalence ratio [PR]: 1.16, 95 % CI: 1.13-1.19), with significant increases in those aged ≥ 60 relative to those aged 55-59. There was a 7 % prevalence reduction of elevated symptoms from 15.5 % to 14.2 % (PR: 0.93, 95 % CI: 0.88-0.98), which was most pronounced among those aged 80-84 in whom the prevalence of elevated symptoms declined from 14.3 % to 9.6 %. Prevalence of having severe depressive symptoms increased from 5.8 % to 6.8 % (PR: 1.17, 95 % CI: 1.06-1.28); however, this increase was limited to those aged 55-59, with the probability of severe symptoms increasing from 8.7 % to 11.8 %. No significant changes in severe symptoms were observed for those aged ≥ 60. CONCLUSIONS: Overall late-life depressive symptom burden declined significantly from 1998 to 2008. This decrease appeared to be driven primarily by greater reductions in depressive symptoms in the oldest-old, and by an increase in those with no depressive symptoms. These changes in symptom burden were robust to physical, functional, demographic, and economic factors. Future research should examine whether this decrease in depressive symptoms is associated with improved treatment outcomes, and if there have been changes in the treatment received for the various age cohorts.
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INTRODUCTION
Depression diagnosis and treatment has increased over time in general, 1 and among those over 65 years of age. 2 Among older adults, 15-27 % in the community and up to 37 % seen in primary care settings experience depressive symptoms. 3, 4 This represents a shift where acceptance of depression as a "normal" part of aging and stigma had historically hindered depression recognition and care. 5 It is unknown whether the prevalence and severity of depressive symptoms among older adults have decreased with expanded diagnosis and treatment.
Population-based studies examining late-life depressive symptom trends are sparse or limited by study design. Reasons include use of: a single cross-sectional data assessment, 6 longitudinal study designs (which represent intra-individual change, not population trends), 7-10 lifetime prevalence measures, 11 data solely from younger adults, 12 samples from narrowly defined geographic areas, 13 or clinic samples.
14 Attempts to compare information from different sources may generate uncertainty. The only repeated crosssectional assessment of current depressive symptoms was conducted in the Stirling County Study, 15 which interviewed representative population samples of a Canadian region in 1952, 1970, and 1992 , and cannot address more recent or representative population trends in depressive symptoms.
Given limited prior findings, we conducted a populationbased evaluation of depressive symptom prevalence over time by characterizing symptom trends over a decade among older adults in the United States.
METHODS
We used the Health and Retirement Study (HRS), a nationally representative study of older adults, which assesses health, wealth, and functioning. 16 Participants are re-interviewed biennially; new respondents are added to HRS every 6 years (including 1998 and 2004). High initial (86-91 %) 17 and reinterview response rates (94-96 %), limited migration in and out of the sample, and use of non-response adjusted respondent-level sample weights for each biennial survey 18 allows the HRS sample to maintain representativeness of the target population over time, while minimizing any risk of healthy survivor bias. HRS is continuously representative of the non-institutionalized US adult population age 55 and older for all study waves between 1998 and 2008, 17 , the time period we selected for a repeated cross-sectional analysis. Only selfrespondents were included; depressive symptoms are not assessed for proxy respondents.
Dependent Variable: Depressive Symptom Burden
The eight-item Center for Epidemiologic Studies Depression scale (CES-D8) 19 assessed depressive symptoms. The CES-D8 asks whether the respondent experienced the following sentiments all or most of the time during the past week: (1) depressed, (2) everything is an effort, (3) sleep is restless, (4) happy, (5) lonely, (6) enjoyed life, (7) sad, (8) could not get going. The "yes" responses to questions 1, 2, 3, 5, 7, and 8 and "no" responses to questions 4 and 6 were summed for a total symptom score ranging from 0-8; with 8 representing the greatest symptom burden. Scores ≥ 4 on the CES-D8 corresponds to ≥ 16 on the full CES-D, indicating elevated depressive symptoms. [20] [21] [22] Psychometric properties of the CES-D8 are well-established overall and among older people. 19 It has been used in several studies of late-life depressive symptoms, demonstrating associations between elevated symptoms and poor self-rated health, 23 physical illness, 21 and mortality. 24 We examined three symptom burdens: no symptoms (CES-D8=0), elevated symptoms (CES-D8=4+), and severe symptoms (CES-D8 ≥ 6).
Independent Variables
Demographic characteristics assessed included age (5-year increments from 55 to 85, > 85) sex (male, female), race/ ethnicity (white/other, black, Hispanic), educational attainment (11 years, 12 years, 13-15 years, and ≥ 16 years), net worth quartile, marital status (married/partnered, separated/divorced, widowed, never married), and work status (working full-time, working part-time, retired, other employment status including disabled, student, or homemaker). We controlled for mode of administration (face-to-face, telephone); however, telephone administration of clinical interviews is now widely used and accepted based on evidence of comparable validity to in-person interviews in clinical reappraisal studies, including those assessing depressive symptoms. 25 Health-related factors included: weight (normal/underweight [BMI < 25] , overweight [BMI [25] [26] [27] [28] [29] [30] , obese [BMI> 30] , cigarette smoking status (current, former, never smoker), alcohol use (non-drinker, one to four drinks per week, or five or more drinks per week), activities of daily living (ADL: bathing, eating, dressing, walking across a room, and getting in or out of bed) and instrumental activities of daily living (IADL: using a telephone, taking medication, handling money, shopping, preparing meals; 0, 1, 2-5, with higher counts representing greater impairment), and a count of the seven chronic medical comorbidities assessed by HRS (hypertension, diabetes, any heart condition, stroke, arthritis, chronic lung disease, cancer, scored 0, 1-3, ≥ 4).
Statistical Analysis
We identified the proportion of individuals with each covariate in each study wave using descriptive statistics. Unadjusted logistic regressions examined prevalence of depressive symptoms by wave from 1998-to 2008, prevalence differences (PD: 2008 prevalence minus 1998 prevalence) and prevalence ratios (PR: 2008/ 1998 prevalence) of having no, elevated, and severe symptoms.
Analyses predicting each outcome used logistic regression for overall and age-specific adjusted prevalence, adjusted prevalence differences (PD), and adjusted prevalence ratios (PR) of the 10-year change using the method of "recycled predictions." 26 This method calculates mean predicted prevalence of the outcome (depressive symptom level) based on coefficients from the fitted regression model, fixing the independent variable of interest (year overall, and by age group) at a specific value while letting other covariates vary at their original values for every individual in the sample. The process is repeated, fixing the independent variable at alternate values. These models, successfully implemented elsewhere, 27, 28 standardize the PR to the distribution of variables in the sample and ease interpretation of interactions. Analyses used STATA 12.1 with a two-sided p value of < 0.05 indicating statistical significance. Analyses were adjusted for the multi-stage, area-clustered, stratified sample for use with repeated crosssectional analyses, which accounts for cluster-level homo-geneity (intra-class correlation), including the overlap in cases between waves. 29 Table 1 presents sociodemographic and clinical characteristics of the study population by year, which varied from 16,338 in 1998 to 14,050 in 2008. Figure 1 illustrates proportions of individuals with no, elevated, and severe symptoms, overall, and by age group. Table 2 presents covariate PRs. Table 3 presents adjusted prevalence, PDs, and PRs for depressive symptom trends overall and by age group.
RESULTS

No Depressive Symptoms
Unadjusted prevalence of having no symptoms (in a given wave) increased over time from 40.1 % to 47.8 %, indicating an increase of 7.7 % from 1998 to 2008 (PD: 7.7 %; 95 % CI: 6.2-9.2) with a PR of 1.19 (95 % CI: 1.15-1.23). Subgroups with higher prevalence of no symptoms included: men, Whites, those with education beyond high school, higher net worth, married, working, not obese, drank at least one day per week, no ADL and IADL limitations, and no chronic medical conditions (Table 2) .
Adjusted analyses (Table 3) found a 16 % relative increase of having no symptoms from 40.9 % to 47.4 % (PR: 1.16, 95 % CI: 1.13-1.19). We found significantly greater increases in having no symptoms as age increased in all age groups 60+ relative to those aged 55-59.
Elevated Symptoms
Unadjusted prevalence of elevated symptoms decreased from 15.5 % to 14.2 % from 1998 to 2008, indicating an overall decline of 1.3 % (PD: 1.3 %; 95 % CI: 0.3-2.2) and PR of 0.92 (95 % CI: 0.86-0.98). In adjusted analyses, subgroups with higher prevalence of elevated symptoms included: women, Hispanics, those with less than a high school education, lower net worth, not married, not working, current smokers, those who did not drink, or those who drank 5-7 days a week, worse ADL and IADL scores, and more chronic medical conditions (Table 2) .
Adjusted analyses ( 
Severe Depressive Symptoms
Unadjusted prevalence of severe symptoms increased over time from 5.9 % to 6.8 %, indicating an overall increase of 0.9 % from 1998 to 2008 (PD: 0.9 %; 95 % CI: 0.2-1.6) with a PR of 1.15 (95 % CI: 1.03-1.28). Subgroups with higher prevalence of severe symptoms were the same as those with elevated symptoms (Table 2) .
Adjusted analyses (Table 3) found a 17 % relative increase in severe symptoms from 5.8 % to 6.8 % (PR: 1.17, 95 % CI: 1.06-1.28). This increase was limited to those aged 55-59, with the adjusted probability of severe symptoms increasing from 8.7 % to 11.8 % (PR: 1.36, 95 % CI: 1.15-1.61).
DISCUSSION
In a nationally representative sample of older adults, we observed a significant decrease between 1998 and 2008 in the prevalence of depressive symptoms, which appeared to be driven primarily by decreasing prevalence of depressive symptoms among those aged 80-84. This suggests an agedependent downward trend in symptom burden, extending previous research indicating increased late-life depression diagnoses and treatment during this period. 1, 2 This study advances prior work by examining a large, nationally representative sample over a decade, with more frequent symptom assessments. This is the first study of which we are aware to examine temporal trends in the prevalence of no and severe symptoms by age, which can enrich our understanding of trends in late-life depressive symptoms. We found the largest changes in symptom prevalence at the ends of the age spectrum. The proportion of respondents with no symptoms increased significantly across all age groups, except those aged 55-59. In contrast, although the prevalence of severe depressive symptoms increased overall across the study period, the increase was confined to the 55-59 age category. This distribution of effects has potentially important ramifications; it implies that there may be a severely ill population subgroup that is either not being treated adequately or is treatment refractory. Finding an overall increase in the proportion of individuals with no symptoms indicates that an elevated symptom burden may be increasingly concentrated in a smaller proportion of the population, such as those individuals in late middle-age. More data tying population treatment patterns to severity are necessary to better understand these findings.
Finding a larger symptom burden over time in the youngold compared to oldest-old is consistent with some literature suggesting a potential cohort effect on symptoms, such that later born cohorts may be more likely to suffer from depressive disorders. 30, 31 A review examining studies between 1976 and 1998 reported that age was associated with less depression, controlling for other factors. 32 The Duke Establishment of a Population for Epidemiologic Studies of the Elderly (EPESE) data found that symptoms were lower in the oldest-old; however, this study did not examine time trends. 6 The only study we found assessing an age-by-year interaction in depressive symptoms 33 examined an earlier time period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and had contrary findings. That study found a significantly increasing symptom burden over time and a significant age-by-time interaction, indicating increasing depression each year among adults over age 75 in an Australian sample; however, this analysis used longitudinal data rather than repeated cross-sections, and included those living in the community and residential care. 7 Given differences in methods and populations, the two studies are not comparable.
Contextualizing Findings
It is challenging to place our findings in context of existing literature due to significant differences in research designs across studies. Fombonne et al. suggested that potential explanations for challenges in identifying depressive symptom trends could include: heterogeneity in definitions of mood and instrumentation, dearth of prospective studies from multiple birth cohorts, focus on lifetime rather than current prevalence rates (which could be changing in different directions), and limitations including undetected artifacts or study methods effects. 34 Age-period-cohort models may provide a useful framework for understanding our findings. Although it is always challenging to identify which of these three effects is taking place, this study held age constant at each study wave; therefore, a combination of period and cohort effects must explain our results. Period effects could include changing attitudes towards depression and/or treatment availability. 1 If we had observed parallel changes (e.g. declines) in symptoms over time, we could attribute these findings to period effects. However, since we found variation in the rate of symptom decline (e.g. greater declines in the oldest old) it appears that a cohort effect was also present, such that earlier born cohorts had larger changes in symptom burdens. It is possible that earlier born cohorts had larger shifts in attitudes towards depression diagnosis and treatment than later born cohorts during the study. However, we cannot be certain to what extent period or cohort experiences came into play, as we do not have direct knowledge of cohort differences in treatment preferences or stigma, or Unlike studies focused on clinic-based samples, population-based studies such as ours provide the best assessment of overall symptomatology. This is relevant because depression is underdiagnosed and undertreated in older adults; many older individuals never receive any acknowledgment of depressive symptoms. 35 This study suggests that the presence and severity of depressive symptoms are not uniform across middle-aged and older adults, and may be changing over time. Our findings challenge conventional wisdom general internists may have regarding late-life depression (e.g. that it is highest in the oldest old). Although our findings suggest that depressive symptoms among older adults have declined, the overall prevalence of depressive symptoms remains high; thus, assessment and adequate treatment of depression in primary care should remain important goals for primary care providers.
Subgroup Findings
Many of our findings are consistent with other literature (e.g. higher rates of depressive symptoms among women, low income, low education, unmarried, smoker, physical limitations, chronic conditions, and psychiatric problems); a few subgroup findings merit discussion. These include higher rates of depressive symptoms among Hispanic respondents, those who abstained from drinking alcohol, and retired respondents.
Hispanic older adults receive lower rates of antidepressant and psychotherapy treatment than White or Black older adults, 2 which could perhaps explain our finding of higher levels of depressive symptoms in that population. Other studies have found elevated depressive symptoms in Hispanic older adults compared to older adults of other ethnicities. 36 Research indicates that moderate alcohol use among older adults can be associated with lower depression levels than abstinence or higher levels of alcohol use. 37 The relationship between depression and retirement is complex; some older adults may become depressed then retire, 38, 39 others may retire then become depressed. [40] [41] [42] Retirement may be liberating, leading to decreased symptoms. 42, 43 Our finding that retired older adults are more depressed than those who are working is consistent with some, yet not all literature.
Limitations
The CES-D8 is not a diagnostic instrument; it assesses depressive symptomatology. We could not account for treatment or other clinical characteristics including patient history of depression, so while the declining depressive symptom burden we observed may be related to increased diagnosis and/or treatment, this is inferred based on trends observed using other data.
CONCLUSION
Prevalence of elevated depressive symptoms declined 7 % over a decade among adults aged ≥ 55. This trend was most pronounced in those aged 80-84. We found large increases in those without any depressive symptoms and overall increases in those with the most severe symptoms (largely limited to those aged 55-59).
Although the decline in elevated symptoms over time may be related to increased treatment, an increase in those with severe symptoms could indicate that a subgroup of respondents was not accessing or responding to treatment, or that increased recognition and treatment did not decrease the prevalence of severe symptoms. Future research is needed to unpack the relationships between symptom trends and age groups, and link symptom changes to diagnosis and treatment changes over time, to target effective treatments to those who would benefit most among the growing number of older adults. For primary care providers, we note several important conclusions from our study. There are large differences in the prevalence of depressive symptoms across age categories and time, although the general trend has been an overall improvement in symptoms. Although recognition of improvements in outcomes is important, equally important is the fact that different patient age subgroups have had significantly different changes in symptoms; better recognition and treatment of depression in these groups is warranted. Finally, careful, repeated measurement of depressive symptoms is important, given our findings that the prevalence of the most severe symptoms has not improved over time; those with severe symptoms may require more aggressive treatment and referral if treatment responses are not observed.
